Modern restorative methods and innovative design of 1969 Chevrolet Camaro interior components by Leigh, Alexander
UQ Engineering 
Faculty of Engineering, Architecture and Information Technology 
THE UNIVERSITY OF QUEENSLAND
Bachelor of Engineering Thesis 
Modern Restorative Methods & Innovative Design of 
1969 Chevrolet Camaro Interior Components 
Student Name:  Alexander LEIGH 
Course Code: MECH4500 
Supervisor: Dr Luigi Vandi 
Submission date: 28 October 2016 
A thesis submitted in partial fulfilment of the requirements of the 
Bachelor of Engineering degree in Mechanical Engineering 
Modern Restorative Methods & Innovative Design 
of  
1969 Chevrolet Camaro Interior Components 
School of Mechanical & Mining Engineering 
in conjunction with, 
Student Name: Alexander Conor Mark Leigh 
Course Code: MECH4500 
Supervisor: Luigi Vandi 
Submission Date: 28th October, 2016 
Declaration: I have read the Plagiarism Section of the course profile and agree that this work is my 
own and that any work or collaboration with other students is acknowledged. A have 
also acknowledged all other sources used in this assessment task. 
Signature: ___________________ 
MECH4500 Engineering Design Thesis i 
The University of Queensland 
Abstract 
It is envisioned that modern performance/luxury automotive industry design methods and 
technologies be transferred to the vintage/classic vehicle engineering sector. This is instigated 
by investigating various modern design technologies and processes, which are then applied 
in the creation of a client owned 1969 show specification ChevroletTM Camaro interior, 
primarily focusing on the dashboard component. The client requested that the final product 
be of a standard comparable to that of an Italian supercar, with an emphasis on having the 
final product reflect style and performance. The design process involved a thorough literature 
investigation, client feedback and iteration, laser triangulation scanning of the vehicle’s bare 
interior shell, CAD, FEM, prototyping and the consideration of the succeeding production 
phase. The final dashboard component portrays a high European hypercar standard, capable 
of withstanding operational forces, and endorses the value of modern design technologies in 
vehicle restoration. 
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Terminology 
This report contains terminology and lingo unique to the automotive restoration industry. 
Pro Tourer : A style of classic muscle car with enhanced suspension components, brake system, 
drivetrain, and aesthetics, including many of the amenities of a new performance car. 
Retrofit : Add (a component or accessory) to something that did not have it when manufactured. 
Dash : The dial/gauges region above the steering wheel of a vehicle. 
Dashboard : The entire assembled panel facing the driver of a vehicle or the pilot of an aircraft. 
Door Panel : Is an insert on the door of a vehicle that covers the door's internal components. 
Centre Console : Refers to the control-bearing surfaces in the centre of the front of the vehicle interior. 
Muscle Car : A term used to refer to a variety of high-performance automobiles, reflecting styling from 
the muscle car era (1965 – 1980). 
Supercar : A high-performance sports car. 
Hypercar : A vehicle having ultra-light construction with an aerodynamic body using advanced 
composite materials, low-drag design, and hybrid drive, often unpurchaseable. 
CAD : Computer-Aided Design. 
FEM : Finite Element Method. 
CAM : Computer Aided Machining. 
CNC : Computerized Numerical Control. 
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1.0 INTRODUCTION 
1.1 AIM 
A new outlook and approach to automotive engineering, design and restoration is made an 
endeavour, with the intention of sourcing innovative, efficient and precise engineering 
methods and concepts. This is achieved and exemplified through the start to finish design of 
a client’s 1969 ChevroletTM Camaro show car interior, with a focus on the dashboard element. 
1.2 OBJECTIVES 
The interior of a 1969 ChevroletTM Camaro show car is to be designed using state of the art 
methods, not normally associated with vehicles of the era, to increase the precision and 
efficiency of the final product. The car’s bare interior frame (as depicted in Figure 1) is 
scanned using a 3-dimensional scanner to create a complete model of the interior 
shell/chassis, which can then be used as the foundations for designing the interior. The quality 
of the final interior, regarding fitment and visual appeal, will be a reflection of the 
effectiveness of the modern innovative design methods. 
Figure 1: Client's 1969 ChevroletTM Camaro Project 
1.3 SCOPE 
1.3.1 Project Description 
As seen in the original project brief (refer to Appendix A – Item 1) the project involves 
scanning a 1969 Camaro interior, conversion of the scan into a workable CAD file, and the 
design and production of the three major interior panels; door panels, centre console and 
dashboard.  
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The foundation for the design, as seen in Figure 2, shows how there are no existing styling 
constraints. 
Figure 2: Camaro Interior Foundations 
The car’s basic specifications are noted for design and structural modelling considerations, 
and are depicted in Table 1. 
Table 1: Client's Camaro Specifications 
Specifications 
Wheelbase 2743 mm 
Length 4724 mm 
Width 1880 mm 
Driver Side Left Hand Side 
Number of Doors 2 
Number of Seats 2 
Powertrain Nelson Racing Engine 632 (NRE632) 
Induction Twin 88 mm Mirror Image Turbos 
Displacement 632 Cu In. (10.35 L) 
Power 2400 Hp (1790 Kw) Estimated 
1.3.2 Client’s Design Request 
The client, who builds cars as an occupation, is renowned for his work on Pro Touring/Show 
Muscle Cars in the USA and has recently reached a stage in a personal project that requires 
modern design methods. He has explained how his 1969 ChevroletTM Camaro Show Car 
build is in need of a state of the art interior, resembling that found in a European supercar. 
The Camaro has been described to be a form of art, and hence the interior must also mirror 
this style. The client has stated that the interior is to be a similar standard to that found in 
a LamborghiniTM Centario, PaganiTM Huayra or BugattiTM Gran Turismo Vision, all of which 
follow hypercar standards (see Appendix A – Item 2).  
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Instruments, screens and switches for the show car have already been selected by the 
owner and must be incorporated into the interior design. The client has stated that he 
encourages free design, with aspiration from existing supercars, and hence there are 
minimal constraints. The scale and shape of gauges, dials and screens has been decided, 
and are not included in the scope. The project manufacturing stage is excluded from this 
theses scope as the timeframe is not extensive enough to guarantee completion. There are 
virtually no restraints on design style, as stated by the client, who also expresses the desire 
for the design to be a creation of the designers. 
1.4 GOALS 
A show winning and state of the art interior will be produced by the end of the year if the 
project plan is adhered to, with quality management retained as a priority. Multiple learning 
outcomes will surface from this project in areas including 3D scanning methods, CAD, design 
to manufacturing considerations and material selection/prototyping. This alternative 
approach to the design of an interior, for a vehicle of 46 years of age, is virtually unheard of 
in the restoration market and will set an example in future classic automotive design.  
The modern automotive design industry utilises many innovative and ground breaking 
technologies to produce cars and components effectively, as well as relatively quickly. 
However, the classic car industry tends to use technology of the project era, usually involving 
hand measurements and manual tooling, compared to 3D design and computational analysis 
observable in today’s engineering.  
Reducing engineering time and improving the accuracy of a design will initiate and encourage 
more modern methods to be investigated, and eventually applied in industry.  The classic 
automobile market is ‘dying’, as stated by the client, as there is simply a lack of engineers who 
can perform the design to the expected standard. Hence the need for advances in restoration 
technology to broaden the range of engineers available to work in the industry. 
1.5 CHAPTER SUMMARY 
This report has been structured to accentuate the crucial design processes and expected 
outcome objectives employed during for the completion of automotive interior components 
(with the dashboard made a focus).  
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The thesis report is separated into eleven main chapters, as depicted below: 
- Chapter 2 provides the design approach and process through a succinct project
plan. Similar to the automotive industry, the method is designed to maximise the
quality of the final outcome whilst maintaining flexibility.
- Chapter 3 discusses the potential hazards associated with the design process,
although minimal, and extrapolates appropriate mitigation strategies.
- Chapter 4 includes an overview of existing literature, relevant to each stage of the
design process; research into designs and methods, appropriate prototyping tools
and associated manufacturing processes.
- Chapter 5 introduces the initial innovative geometry calibration approach; 3-
dimensional scanning. The method applied to acquiring the resulting scan is
explored and the finalised models expressed with high quality renders.
- Chapter 6 demonstrates the conceptual planning and design techniques for creating
a show quality interior, as well as convey the client’s design ideology to paper.
- Chapter 7 evaluates the CAD progression and development, with multiple
variants/iterative models of the design after continual feedback from the client and
associate designers.
- Chapter 8 outlines the numerous operative loads experienced by the design,
through the identification of various accelerations and FEM modelling to accurately
identify regions requiring further engineering.
- Chapter 9 involves an investigation into the specified prototyping method; 3D-
printing. The file preparation, printing and finishing procedures are demonstrated
and evaluated.
- Chapter 10 entails necessary production design parameters for considering
effective assembly processes. The proposed design must remain elegant whilst
being separable to ensure the efficient instalment of the final interior.
- Chapter 11 summarizes the entire design process, reflecting on the achieved results
and outcomes, the next production phase direction, future recommendations and
conclusions reached.
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2.0 PROJECT PLAN 
The path to creating a remarkable interior with modern technology requires certain deadlines 
to be considered, and be tracked using milestones and work breakdown structures. 
2.1 PROJECT METHODOLOGY 
2.1.1 Stage 1 – Literature Review/Background Search 
This involves a background investigation into the client’s personal design 
preferences/requests, current car interiors, limitations of existing designs, project design 
methods, manufacturing considerations and prototyping techniques. 
2.1.2 Stage 2 – Duplicating Interior Geometry 
The bare chassis, firewall and doors were replicated with a scanner on the 29th of March in 
the Advanced Engineering Building at The University of Queensland. A scanning method 
eliminates the time and error associated with manually measuring positioning and 
geometry on the car. 
2.1.3 Stage 3 – Converting the Geometry into CAD 
The interior scan will then be converted to a CAD format file, which can then be opened in 
Autodesk InventorTM for the design stage. The scan will initially be composed of multiple 
small scans, which will be adjoined using necessary software. 
2.1.4 Stage 4 – Designing the Individual Component 
With the cooperation of the owner, the dashboard, centre console and door panels will be 
designed individually, yet collaboratively, by Alex Leigh, Lachlan Thompson and Aarash 
Majoo, as depicted in Table 2. Autodesk InventorTM will be used to design the components. 
Production methods/feasibility must be considered to ensure that the final design can be 
produced seamlessly. 
Table 2: Interior Component Divisions 
Designer Component 
Alex Leigh Dashboard 
Lachlan Thompson Centre Console 
Aarash Majoo Door Panels 
2.1.5 Stage 5 – Client Feedback and Editing 
The final collaborative design will require final adjustments with the owners input to ensure 
that the final product is perfect. This stage will not take a large amount of time as a result 
of the prior cooperation with the client. 
MECH4500 Engineering Design Thesis 6 
The University of Queensland 
2.1.6 Stage 6 – Structural Analysis 
This stage will investigate the individual and combined loading scenarios experienced with 
fitment, g-force, vibration and driver/passenger influence. FEM will be used to model the 
system, with ANSYS WorkbenchTM. 
2.1.7 Stage 7 – Prototyping and Manufacturing 
The completed model CAD model is prototyped using researched methods, to provide 
another form of perspective. The final product will be produced out of a material favoured 
by the client; appropriate materials are recommended after a manufacturing analysis. 
2.1.8 Stage 8 – Installation & Trimming 
The design will be manufactured and installed in the car, possibly requiring the components 
to be worked or trimmed for precise fitment, however this stage is not included in this thesis 
scope. 
2.2 PROJECT MILESTONES 
The stages, outlined in the methodology, act as milestones for the project with anticipated 
dates of completion ensuring that the final stage be completed, depicted in Table 3. A work 
breakdown structure can be found in Appendix B – Item 1, and a corresponding Gantt Chart 
in Appendix C – Item 1. 
Table 3: Milestone Identification 
Milestone Date Justification 
Stage 1 30th Apr, 2016 
This stage was completed on time, with a number of ideas introduced 
and design considerations given to the client, who further assisted in 
specifying constraints. 
Stage 2 31st Mar, 2016 The scanning process is completed, taking a total of three days to finish. 
Stage 3 14th Apr, 2016 
The processing of data went for approximately two weeks, as the 
scanned components had to be mated to each other using relevant 
software (Geomagic).  
Stage 4 30th Jun, 2016 
This was a collaborative phase, between all of the interior design parties, 
to ensure the designed components merged correctly.  
Stage 5 30th Aug, 2016 
An achieved timeframe to finalise the design with any additional changes 
to the CAD model, based on the clients feedback. 
Stage 6 29th Sept, 2016 
The associated forces and fatigue loads, applicable to the dashboard 
design, are relatively simple to model, hence the deadline feasibility. 
Stage 7 20th Oct, 2016 
A moderate amount of time is given for this stage, as the actual forming 
of necessary moulds and dies is anticipated to take some time. There is 
also the possibility of machine queuing and faults. This stage has been 
touched upon in this thesis, despite being out of scope. 
Stage 8 Early 2017 
The final outcome of the design thesis is to obtain the skin and frame of 
the interior panels to be fitted to the Camaro, which will require minor 
tweaking and adjusting to fit to the bare shell. It is anticipated that this 
stage will be reached, and the product will be finished. Stages 7 and 8 
will be passed on to an incoming thesis applicant to investigate and 
produce a final interior in collaboration with the client. 
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3.0 RISK MANAGEMENT 
The scope of this project is limited to the scanning, design and prototyping, and hence 
workshop risks are not identified in depth. Risks to the project’s completion are prominent, 
whilst OH&S risks are minor, until full interior fabrication commences. 
3.1 PROJECT RISKS 
3.1.1 Milestone Risks 
The Gantt Chart (refer to Appendix C – Item 1) outlines the appropriate timeframes for tasks 
within each stage mentioned in Section 2.1. These deadlines should be followed to ensure 
that the final interior can be produced on time with a high standard of quality. The final 
deadline is one month prior to the final thesis due date, to allow adequate time to 
report/reflect on progress, even in the event of illness or injury. Computer and machinery 
limitations are a foreseeable risk regarding interior component fabrication, as CAM 
accounts for a large portion of time. The panels will eventually be formed over MDF moulds 
(incremental sheet forming), formed using CAM software in conjunction with CAD, with 
composite mould production also requiring significant time allocation. The planning tools 
must be monitored to continually understand the current stage in the project, across all 
participants. 
3.1.2 Workshop Risks 
There are a number of risks associated with entering any workshop within the University of 
Queensland, which will be covered in future reports to ensure maximum coverage. 
Standard safety gear is recommended when in the workshop, as well as leather gloves being 
necessary, due to the sharp edges found on sheet metal and composites during sheet 
forming and layering. 
3.1.3 File Storage & Timeframe Delay 
There is potential to lose crucial CAD and CAM files due to computational errors or crashing, 
so at least three backup files must be retained at all times; on H-Drive in EAIT labs, a personal 
USB and DropboxTM. The transfer of part files between different types of software should 
be minimised, as corruption can occur. The work breakdown structure (refer to Appendix B 
– Item 1) does not consider non-working days in the assigned required number of days, and
so, weekends may be allotted to the project if necessary. 
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4.0 LITERATURE REVIEW 
A significant component of the design process, in the automotive industry, involves 
investigating existing projects, to expand on ideas and help identify what the client expects. 
4.1 THE INDUSTRY 
4.1.1 Eagle Great BritainTM 
This company, based in The United Kingdom, obtains 60’s and 70’s E-Type Jaguars and 
transforms them into luxurious modern sport cars, valued in excess of £650,000. The classic 
look is retained while new components are fitted using modernised instalment methods, to 
create a beautiful, reliable and performance enhanced super car (as depicted in Figure 3). 
Figure 3: 1962 Eagle Speedster (Huffman, 2013) 
The potential in classic car revamping is astounding, with redesigned cars selling at prices 
well above supercar standard, achieving unmatched quality with the aid of modern design 
methods. These modern engineering processes include CAD modelling and tolerance 
scanning equipment. 
4.1.2 3-Dimensional Scanning in Design 
Three dimensional scanning is a versatile method for instantly producing a CAD model of 
any object, within the computers limit. The scanner is used in many aftermarket industries 
where existing parts need to be replicated quickly and accurately, or reversed engineered, 
in order to be modified or reproduced. Roll cage specialists often scan the interior shell of 
a vehicle to quickly design internal bracing and are can reproduce it with ease. A European 
based company, by the name of europac 3DimensionalTM, performs complex scans on a 
range of vehicle components (refer to Appendix D – Item 1) to efficiently and accurately 
design and manufacture roll caging and bracing (Roll Cage Reverse Engineering, 2011). 
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The car component scans are very similar to that achieved in the scanning stage of this 
project (refer to Appendix D – Item 1). The scan can also be manipulated to do 
computational analysis in the forms of FEM, if desired by the client. A scan ensures that the 
analysed model is relevant to the final product, rather than a prototyped design (a drawing). 
4.2 PAST CAMARO GENERATIONS STYLING 
Six generations of ChevroletTM Camaros have been produced, from 1967 to 2017, with all 
vehicles maintaining similar styling and performance goals throughout the years. The interior 
is dependent on exterior styling, hence the necessity to compare the entire vehicle. The same 
general features and styling is present across all six generations, to maintain the iconic 
American muscle image. 
4.2.1 Gen. 1 (1967 – 1969) 
Figure 4: 1969 Camaro (Camaro SS/RC 1, 2016) Figure 5: 1969 Camaro Interior (Interior RS/SS, 2015) 
As with the majority of vehicles produced in the late 1960’s, the first generation of Camaro 
(as pictured in Figure 4 and Figure 5) utilised a relatively simple interior. The dashboard 
appears to be a separate element to the door panels and no centre console is present. 
4.2.2 Gen. 2 (1970 – 1981) 
Figure 6: 1972 Camaro Z28 Interior (2nd Generation, 2015) Figure 7: 1973 Camaro Z28 (Camaro, 2016) 
Similar to the first generation Camaro, the second generation has very minimal continuity 
between components, however a centre console has been implemented (Figure 6 and 
Figure 7). 
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4.2.3 Gen. 3 (1982 – 1992) 
Figure 8: 1985 Camaro (Chevrolet Camaro, 2016) Figure 9: 1985 Camaro Interior (Black Contour, 2016) 
The rapid development of new production techniques and technologies in the early 1980’s 
saw the onset of plastic moulded interiors (Plastics History, 2001), as seen in the third 
generation Camaro (Figure 8 and Figure 9). Consistency with past generations is still evident, 
as well as the gradual implementation of smooth transitions from component to 
component. 
4.2.4 Gen. 4 (1993 – 2002) 
Figure 10: 2001 Camaro (2001 Camaro, 2016) Figure 11: 2001 Camaro Interior (2001 Intimidator, 2015) 
Progressing into the 1990’s and early 2000’s, it can be seen that complete interior synergy 
is being applied to the interior design. The smooth curvy elements present on the 
dashboard are reflected on the exterior of the car (Figure 10 and Figure 11). 
4.2.5 Gen. 5 (2010 – 2015) 
Figure 12: 2011 Camaro (Camaro SS/RC 1, 2016) Figure 13: 2011 Camaro Interior (Camaro SS/RC 1, 2016) 
The styling changed significantly between the fourth and fifth generation Camaros (Figure 
12 and Figure 13), with a far more modern approach taken to both materials and shaping. 
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The centre console and doors are integrated into the sleek lined dashboard, as reflected on 
the exterior. 
4.2.6 Gen. 6 (2016 –Present) 
Figure 14: 2011 Camaro (Szymkowski, 2015) Figure 15: 2011 Camaro Interior (Burgess, 2015) 
The Camaro of the present day is drastically far ahead of the client’s 1969 Camaro, in design 
and engineering terms, with each component being difficult to distinguish from another. 
Despite the modern interior not being in a ‘supercar styling’ category it is undoubtedly 
elegant, echoing the muscle styling present in the vehicle’s exterior (Figure 14 and Figure 
15). 
4.2.7 Gen. 5 Interior into Gen. 1 Camaro 
The BASFTM built Pro Touring Camaro, pictured below in Figure 16, was designed with a 
similar vision to that of this project. The entire $420,000 car was constructed with supercar 
styling standards as a priority, which is instantly visible with the interior. 
Figure 16: 1967 Camaro (1967 Camaro, 2016) Figure 17: 1967 Camaro (1967 Camaro, 2016) 
The Pro Tourer design utilised a retrofitted generation 5 Camaro interior, maintaining the 
consistent style and luxuries present in modern sports cars. This type of fitment is becoming 
a common practice in the Pro Touring industry and, as stated by the client, is not a show 
winning method. Hence, the requirement for exquisite supercar styling rather than an 
existing muscle CAR interior conversion. 
4.3 ALTERNATE BRAND STYLING 
An important aspect in design is acquiring favoured characteristics from relevant existing 
design, which, in this case are the clients preferred car interiors, which are identified below. 
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4.3.1 Design Direction/Aim 
The interior is to resemble, not exclusively, that of the BugattiTM Gran Turismo Vision 
Concept as stated by the client, depicted in Figure 18. 
Figure 18: BugattiTM Gran Turismo Vision Interior (Bugatti Concept, 2015) 
The interior flow and curves match the theme of ‘pure speed’, as requested by the client, 
although the shapes are very relevant to the exterior of the car, as shown in Figure 19. It is 
paramount that the exterior be reflected on the interior to keep continuous styling and 
flow. The chassis shape and scale must also be considered when attempting to transfer a 
supercar interior into a late 60’s muscle, as they are generally much wider with lower 
ceilings (this platform variation must be considered in the design). 
Figure 19: BugattiTM Gran Turismo Vision (Bugatti Concept, 2015) 
4.3.2 Other Design Intentions 
The dashboard should somewhat resemble that found in the BugattiTM, however fighter 
pilot styling is still needed, as requested. The interior of a Toyota FT-1 has a relatable shape 
on the left hand side, where the driver is encased in a cockpit shaped design focusing on 
the driver experience, as seen in Figure 21 below. 
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Figure 20: Toyota FT-1 Concept (Toyota FT-1 Concept, 2014) Figure 21: FT-1 Interior (Toyota FT-1 Concept, 2014) 
This design is mirrored effectively with the exterior of the car, where a Jet theme is present, 
as depicted in Figure 20. The FT-1’s predecessor, the Supra, features the ‘jet pilot’ shape 
and also sets a focus on the drivers input (Figure 22 and Figure 23). Although the design is 
fairly outdated, the shape itself is iconic and is still sought after today.  
Figure 22: 1994 Toyota Supra (Toyota Supra, 2016) Figure 23: Supra A80 Interior (Caruana, 2015) 
4.3.3 Detroit Autorama Ridler Award 
The Ridler Award is considered to be one of the worlds most prestigious show car 
competition awards, with participants spending thousands upon thousands of dollars on 
perfecting cars from various eras.  
Figure 24: 1939 Oldsmobile (Hayward, 2016) Figure 25: 1939 Oldsmobile Interior (Hayward, 2016) 
The client has expressed an interest in the 2016 Ridler Awardee, Graham Sharknose’s 1939 
OldsmobileTM Model 60 (‘Olds Cool’), as shown in Figure 24 and Figure 25. This interior 
actually seems quite bland compared to the idealogy for this project, however it gives an 
example of the level of craftsmenship expected. 
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4.3.4 The Roadster Shop 1968 Dodge Charger 
This stunning charger (Figure 26) was built at The Roadster ShopTM with the assistance of 
the owner, and debuted in 2014 at SEMTM. The interior shown in (Figure 27) sets an example 
for the standard of work expected in the final design. 
Figure 26: 1968 Dodge Charger (Car Craft, 2015) Figure 27: 1968 Dodge Charger Interior (Scherr, 2014) 
The interior appears to have little flow in comparison to the desired outcome, however as 
previously mentioned, the sharp styling and geometry of the DodgeTM Charger exterior is 
reflected on the inside. The client expresses great interest in this car and states that the 
interior is of a similar style to what he intends to build, however it is not as appealing as 
alternative hypercar designs.  
4.3.5 Exterior Styling Features 
As stated earlier, most interiors in higher end super/hyper cars have similarities between 
their interior and exterior. The iconic shape of the 69 Camaro has the potential to be 
incorporated into the design, although this depends on the owners preferences.  
Figure 28: Camaro Z28 Front End (Fortier, 2014) Figure 29: Camaro Angled View (1969 Camaro, 2015) 
Figure 28 and Figure 29 depict the many possible iconic shapes from each angle of the car, 
which may be integrated into the design, similarly to the BugattiTM Gran Turismo Vision.  
4.4 COMPONENT CONSIDERATIONS 
The entire interior will remain in scope for the designer party, however dashboard design and 
gauge positioning will be a primary focus. The current state of the Camaro interior is depicted 
below in Figure 30, and can be observed to only have a steering column and seats in position. 
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Figure 30: Camaro Interior Initial State 
4.4.1 Dashboard Controls & Surroundings 
The interior design should not be focused on, and be limited to the BugattiTM Gran Turismo 
interior. However, the general shape and idea should be used as it retains the clients desired 
style. There are many variables or factors which still need to be concluded upon in order to 
progress the design, including, 
- exact cluster size, shape, style and weight,
- exact gauge sizes, shapes, positioning, style and weight (see sample in Figure 31),
- screen presence, orientation, size and favoured positions,
- and pillar and foot well integration.
Figure 31: Autometer Nexus Digital Gauge Off and On Modes (Autometer Nexus Series 8, 2016) 
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4.4.2 Dashboard Shaping 
Symmetry and flow is key, as stated by the owner, although driver focus needs to be 
incorporated. This shouldn’t be challenging to achieve as the Camaro has very simple 
curvature, although car width may be an issue, when trying to replicate a hypercar’s 
interior, as the Camaro doesn’t share the modern excessive width and low height (see 
Figure 32 and Figure 33). 
Figure 32: Current Camaro Interior State 
Figure 33: McLaren P1 Hypercar (Garlitos, 2014) 
4.5 PROJECT DESIGN METHODS 
The modern car industry utilises numerous practices for maximising the efficiency and quality 
of interior designs. However, the basic design methodology remains the same across all auto-
industries; initial design request, sketching/drawing, fitment measurement, computational 
design, FEM modelling and prototyping before production. 
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4.5.1 Client Conversing, Brainstorming & Sketching 
A clear and succinct goal of what is expected from the final product is an initial necessity for 
any design project. The design expectation is usually derived through iterative sketching 
with the client using basic graphite (Figure 34) and even computational illustrative software 
(Figure 35). The client dictates the likely construction method (see Section 4.6) and 
feasibility of designs during this stage. Both methods are used in modern car and classic 
restoration design. 
Figure 34: Audi Concept – Graphite (Car Sketches, 2016) Figure 35: Audi Concept – Software (Car Sketches, 2016) 
4.5.2 Interior Geometry Measurement 
In classic car restoration, chassis and attachment points are usually measured by hand and 
the fitment trial begins at the same time as production (measured and constructed 
simultaneously). This method works, however it requires multiple iterative design changes 
to achieve a quality final result. Alternatively, 3-dimensional scanning techniques can be 
used, which involve laser triangulation, laser pulse-based and nodal touch technology (3D 
Scanners, 2016). These scanners work with very high tolerance, however they have 
different applications varying on the mount-ability and manoeuvrability of each system. 
Laser triangulation scanners are relatively simple systems, compared to alternative 
technologies, and are compatible with various flexible arm components, ensuring maximum 
coverage and reach. 
4.5.3 Design Modelling & Analysis Tools 
There are numerous design software tools available for all design types; freeform modelling, 
parametric modelling and sheet modelling. Most CAD software has the capability to 
produce a design for this project, however, the model to analysis file conversion can be 
optimised. ANSYS WorkbenchTM functions effectively when modelling Autodesk InventorTM 
part and assembly files, and also readily available at The University of Queensland. 
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4.6 MANUFACTURING CONSIDERATIONS 
4.6.1 Manufacturing Methods 
There are many different methods utilised in forming components of a show car interior, 
ranging from CNC milling, press forming, fibreglass forming and metal fabrication. Fibreglass 
is a more common technique yielding smooth shapes while remaining relatively light, 
however it is known to warp under changing heat conditions.  
Figure 36: NRE Dodge Charger (Hunkins, 2015)  Figure 37: NRE Charger Interior (Hernandes, 2015) 
CNC milling tends to be used for smaller components due to the weight, however, they can 
often be the centre piece of a design as exemplified in the gauge cluster of Nelson Racing 
EnginesTM ‘Maximus’ in Figure 37. 
4.6.2 Design Materials/Production 
Auto interior panel materials across all makes and styles vary immensely depending on cost, 
shape complexity, strength requirements and production levels. Focusing on handcrafted 
show car methods, yields materials such as carbon composite fibres, fibreglass, rolled sheet 
steel, hardened foams/plastics, modelling clay, various fibreboard, soft and hard woods, 
various billets and miscellaneous high performance plastics (Gerard, 2014). The surface 
finish or coverings remain out of scope for this project, as dictated by the client. Despite the 
production stage being out if scope for this thesis, it must still be considered as the intricacy 
of the final design is an influencing factor. The material chosen will be influenced by the 
production stage of the Project, where innovative methods are utilised, most likely in the 
form of sheet pressing and/or composite materials.  
Pre-impregnated composite fibres may be expensive in comparison to alternate methods, 
but complex geometries and desirable materials properties are more obtainable. The 
process would require moulds to be produced as it needs to be cured into shape, which 
may result in more inaccurate fitment than alternatives. The appearance of carbon fibre is 
not desirable, as the client has stated that a suede finish is going to be applied.  
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Figure 38: Incremental Sheet Metal Forming (Peters, 2010) 
Therefore, the assumption that either incremental sheet steel/aluminium will be pressed 
into geometry for single surfaces or a natural fibre/composite material will be applied to 
construct sections, as depicted in Figure 38 and Figure 39. 
Figure 39: Natural Fibre Door Panel (Natural Fibers, 2016) 
The final design will potentially be separated into a number of pieces, which is outlined in 
Section 10 for both methods. The thickness of the final products will vary, as extensive 
shaping foam and clay is applied to the dashboard to correctly define the preferred design. 
4.7 PROTOTYPING METHODS 
An important stage in the design and production process involves analysing the model with 
different perspective tools. These include 3D-printing, small and large scale clay modelling 
and template production. 
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4.7.1 3D-Printing 
One of the most rapidly developed technologies, 3D-printers, is a simple and rapid 
prototyping tool, with no limitations to geometry. The 3D object is constructed using 
successive layer additive methods and a three axis tracking platform (Figure 40). 
Figure 40: UQ Maker-Bot Replicator (3D-Printing, 2016) Figure 41: 3D-Printed Interior (3D-printed Cars, 2013) 
The process is already widely used in the automotive industry when constructing entire 
prototype vehicles, as seen with a ChevroletTM centre console component in Figure 41. The 
surface finish often requires attention, however printing resolution varies across different 
model scales and printers.  
4.7.2 Clay Modelling 
In the automotive industry small and large scale prototypes have been produced using soft 
clay for many years. The process is far more time consuming than 3D-printing, however the 
results are far more representative of the final product as features can be manipulated 
during prototyping. 
Figure 42: Ford GT 1:3 Model (GT Dreams, 2016) Figure 43: 2016 Ford GT 1:1 Model (GT Dreams, 2016) 
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5.0 3-DIMENSIONAL SCANNING 
A laser triangulation based 3D scanner was utilised to quickly ascertain a computational model 
of the vehicles chassis and interior shell. The methodology is outlined in this section; however 
it is highly recommended that trained personnel assist in the process for optimal results. 
5.1 PREPARATION 
The Mechanical and Mining Department leased a Faro ArmTM 3D Scanner (refer to Appendix 
E – Item 1) to scan the vehicle interior over four days. The vehicle was delivered and prepared 
on the 29th of March, 2016, where it underwent preparative scanning measures to increase 
the quality of the resulting scan. 
Figure 44: Wooden Block Configuration  Figure 45: Chalked Camaro Chassis  
The vehicle was raised, using a trolley jack, and the chassis lowered onto blocks of wood to 
reduce induced movement whilst scanning (as depicted in Figure 44). Spray chalk was then 
applied to the scanning surfaces to minimise the reflective feedback/noise; chrome and 
glossy surfaces requiring attention (see Figure 45). A screen was necessary to easily identify 
areas of noise and missed sections, whilst also gauging the size of the individual scan 
component. The scanner must remain completely stationary and undisturbed for the 
duration of a section scan, and was achieved by using a tripod stand with magnetic 
attachments to the car exterior. Light interference proved to impede results slightly, with 
better results achieved when scanning in extreme low light conditions; hence the application 
of the sheet covering depicted in Figure 47. 
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Figure 46: Scanning Equipment Layout  Figure 47: Minimising Light Interference 
5.2 PROCESS 
5.2.1 Scanning Technique 
The Faro Arm 3D Scanner was used for the interior shell as it has excellent reach and 
manoeuvrability. The quality and accuracy of the scan depends on the level of expertise of 
the scanner, where speed, distance and angle are all important aspects. Figure 48 depicts 
the result of scanning at a steady pace and perpendicular to the scan surface. The absence 
of a scan in region A results from scanning at an incorrect angle, however this is easily solved 
by approaching the area from an alternate side. 
Figure 48: Raw Scan Data Points 
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Every surface must be scanned numerous times to reduce the severity of unknown areas, 
increasing the accuracy of the entire scan. However, simple holes in the scan can be patched 
automatically by creating a surface from the holes’ perimeter, completed with the software. 
5.2.2 Scan Assembly 
The assembly of individual scan patches requires a large amount computational effort, as 
thousands of coordinates in space translate and rotate during construction. GeomagicTM 
(software used for scan formatting) functions by selecting similar reference points between 
adjacent patches and determining the best fit or average (as depicted in Figure 49). The 
program continually finds the best fit as the number of pieces’ increases, rather than setting 
each component in place. 
Figure 49: Connecting Patches with References 
Any standard geometric shapes identifiable in the constructed scan can be completed using 
the software, as depicted with a section of roll cage in Figure 50. This is not necessarily 
required for the design of the interior; however, the scan improves cosmetically.  
Figure 50: Completing Roll Cage Section 
MECH4500 Engineering Design Thesis 24 
The University of Queensland 
5.2.3 Computational Considerations 
The constructive and final scan phases proved to be extremely computationally demanding, 
as thee scan comprises of millions of coordinates. The file size can be reduced in two means: 
1) Changing the scan quality to a low tolerance,
2) or exporting a simplified version of the scan.
It was not desirable to impede the accuracy of the final scan by reducing the scanning 
tolerance, so the scans resolution was decreased and the doors and seats excluded. 
5.3 RESULTS 
5.3.1 Raw Scan Result 
The complete construction of the Camaro interior shell is depicted in Figure 51, and can be 
observed to contain approximately twenty patches, each identified by a different colour. 
Figure 51: Complete Patched Camaro Shell 
5.3.2 Autodesk InventorTM Part and STL File 
The scanned interior (including seats and doors) is depicted in Figure 52, and the result can 
be seen to be particularly successful. These scans are not the final copies, as minor 
tweaking, tube construction and patching is still required, although they are completely 
usuable in InventorTM. 
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Figure 52: Rendered View of Interior (doors and seats excluded) 
There is a considerable size difference between the resulting scan with and without seats 
and doors. The simplified version is used as the primary framework for the dashboard 
design, as the extra scanned components are not required for the majority of the design. 
The scanning phase of the project can be seen to be success with accurate detail collated; 
3-dimensional scanning may well be used in the near future for show car applications. The
bare shell scan may be viewed from every side in Appendix E – Item 2. The scanned shell 
can be shown to correlate effectively with the body of the Camaro, depicted in Figure 53. 
Figure 53: Interior Match Example 
The interior, door and seat scans are dimensioned and depicted on drawing sheets, as are 
some renders of the entire scan. 
Scale : 1 / 20
5.3.3    Chassis Scan
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5.3.4    Door Scan
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5.3.5    Cobra Race Seat Scan
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5.3.6    Chassis Scan Renders 
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Isometric View Front Isometric View Back
5.3.7    Chassis Scan with Doors & Seats Renders 
Project : 1969 Chevrolet Camaro Interior Design 
Company : The University of Queensland
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Isometric View Front Back View
NOTE: The computers available could not construct a dimensioned drawing sheet for the complete scan, due to its size. 
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6.0 CONCEPTUAL DESIGN 
There are many approaches to the initial stages of product design, and the final product will 
often deviate substantially to early proposed designs. Both sketching and primitive CAD design 
is employed for the concept stage. 
6.1 SKETCHING 
Initially, when designing a car interior, companies invest in a professional computational 
sketch artist, that use expertise in Adobe IllustratorTM or a similar program to create artistic 
visions, comparable with that depicted in Figure 54. 
Figure 54: Mercedes-Benz Concept A-Class Interior Design Vision (Liu, 2014) 
A basic representation of the design goal has been produced with the collaboration and 
assistance of the client, in relation to style derived from the background investigation. The 
designs act as a rough starting point for CAD, using Autodesk InventorTM 2015, where the 
general shape is produced and manipulated. Figure 55 and Figure 56 are conceptual designs 
formed off the BugattiTM Gran Turismo Vision, whilst Figure 57 is a client drawing. 
Figure 55: Dashboard Prototype Sketch RHS Figure 56: Dashboard Prototype Sketch LHS 
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Figure 57: Dashboard Prototype Sketch – Clients’ Figure 58: Rough Implementation of BugattiTM Interior 
6.2 PROTOTYPE MERGE 
Figure 58 shows how an existing design can be roughly adjoined to the shell to aid in 
understanding how the final result may look, as well as assist in determining fitment. Also 
take note of the BugattiTM’s low door position in comparison to the Camaro’s. 
6.3 INITIAL 3D MODELLING 
The dashboard design, and other components, progressed effectively, with individual parts 
shaped and briefly iterated. An initial draft of the proposed interior styling is depicted in 
Figure 59, exemplifying the shapes and style of the BugattiTM and the clients sketches. 
Figure 59: Dashboard Prototype InventorTM Model RHS 
Note that this is an early version and is subject to much iteration and adjustment before being 
an acceptable standard.  
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7.0 COMPUTATIONAL DESIGN 
There is numerous CAD software available to the engineering market; with SolidworksTM, CREO 
ParametricTM and Autodesk InventorTM available through The University of Queensland. 
Autodesk InventorTM was chosen to create the dashboard design, as it is compatible with 
GeomagicTM and is highly regarded by the 3D scanning staff. 
7.1 AUTODESK INVENTORTM MODELLING TECHNIQUES 
7.1.1 Boundary Dimensions 
The completed 3D scan was measured, using tools in Autodesk InventorTM, to determine 
the dashboard dimension constraints. The ‘measure’ tool, as picture in Figure 60, has the 
ability to determine a distance between and two edges or vertices and was used initially for 
the boundary sizing. Sketches were created on the scan component and exported to a new 
file to begin the design. 
Figure 60: Chassis Scan Top View – Measurement 
7.1.2 Shaping Geometry 
The dashboard was shaped using a series of lofts and extrusions to maintain a smooth 
design.  
Figure 61: Stage 1 – Longitudinal Loft Figure 62: Stage 2 – Vertical Loft  
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The basic shape was created with nine planar sketches, as seen in Figure 61, lofted from 
one side of the dashboard to the other. The occupant areas were carved by using a loft cut 
on either side of the interior (Figure 62).  
Figure 63: Stage 3 – Extrusion Trimming Figure 64: Stage 4 –Thickness Loft 
The dashboard was then segregated with extrusion (Figure 63) and additional features 
added; dash display, air conditioning vents, centre gauges, final extrusive cuts and fillets. A 
final loft cut was implemented to give the component a thickness, necessary for the 
simulation modelling phase. 
7.2 CLIENT FEEDBACK CONSIDERATIONS 
The final design was completed after multiple feedback meetings with the client, with notable 
criticisms depicted in Table 4. 
Table 4: Client Meetings Summary 
Meeting Action Discussion/Suggested Enhancements 
1st 
1st Mar, 2016 
Literature review findings 
The client concluded that the BugattiTM Gran Turismo 
concept interior was a strong starting point. 
2nd 
15th Mar, 2016 
Initial design and sketches 
pitch 
Acknowledged that the design direction was correct, and 
encouraged flexible design. The client entrusted a large 
amount of decisiveness with the design team. Sketches 
identify with the visualised final product effectively. 
3rd 
24th Mar, 2016 
2nd design 
The second design was symmetrical and needed to be 
shifted towards the driver. The client was given sketch 
templates and images to provide a more accurate vision. 
4th 
26th May, 2016 
Factory tour and client 
sketch review 
Build methodology was exemplified in Exclusive Auto 
CentreTM workshop with client tour. Client sketch was 
discussed and reviewed, however adventurous design was 
still encouraged. 
5th 
18th Aug, 2016 
3rd & 4th design pitch 
The symmetrical and offset designs were discussed and it 
was concluded that the offset interior be pursued. Minor 
adaptions to geometry were also deliberated. 
It was concluded that the driver offset design should be iterated further, with necessary 
changes identified. The designs at each stage, fitted final design and renders are depicted 
on the following drawing sheets. 
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7.2.1    Initial Design
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7.2.2    2nd Design
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7.2.3    3rd Design
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7.2.4    4th Design
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7.2.5    Final Design
Project : 1969 Chevrolet Camaro Interior Design 






































MECH4500 Engineering Design Thesis 39
Scale : 1:7
7.2.6    Final Design Fitment
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Company : The University of Queensland
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7.2.7    Final Design Fitment Renders
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7.2.8    Assembled Interior
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7.2.9    Assembled Interior Fitment
Project : 1969 Chevrolet Camaro Interior Design 
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8.0 STRUCTURAL ANALYSIS 
Automotive interiors are subject to a multitude of stresses and vibrational fatigue, which 
directly influence the visual aspect and passenger comfort, and hence, must be considered in 
the design of the dashboard component. The interior temperature and noise are also 
influenced by the design of the dashboard, however these are identified to be low priority due 
to the vehicles specifications (current engine volume and existing firewall heat shielding). As 
the final product properties are not finalised, this analysis aims at identifying stress 
concentrations that are solvable with further CAD modification. 
8.1 DASHBOARD CHARACTERISTICS 
8.1.1 Adjoined Components 
The dashboard area contains many components and systems; HVAC (heating, ventilation 
and air-conditioning), the steering assembly, engine control unit (ECU), body control 
module, cluster, gauges, miscellaneous controls/switches, stereo components and wiring 
loom, as exemplified in an assembly diagram of a ChevroletTM Sonic dashboard (Figure 65). 
Figure 65: ChevroletTM Sonic Dash Assembly Diagram (GM Parts, 2016) 
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The components attached to the show car are depicted in Table 5 with the approximate 
weights and dimensions, and their relative positions are shown in Figure 66. The expected 
values are above that of quoted values to enforce a small safety factor, which is considered 
an excessive load case. Trim and fittings masses are accounted for in this over estimation.  







1 Heater Unit (not installed) - 0 - 
2 Ventilation Plumbing (Trumod Complete, 2016) 0.5 1 75ϕ 
3 Air-conditioning Unit (Wet) (Trumod Complete, 2016) 7.5 1 600×215×250 
4 Steering Assembly (Zal, 2016) 10.0 1 760×40 
5 ECU (Elite 2500, 2016) 1.8 1 150×200×40 
6 Body Control Module (Elite 2500, 2016) 1.5 1 150×150×40 
7 Cluster (Digital Instrument System, 2016) 0.6 1 400×150×150 
8 Gauges/LCD’s 2.0 3 90×90ϕ,200×50×150 
9 Controls/Switches 1.0 - Miscellaneous 
10 Stereo Head Unit (X800D-U, 2016) 0.9 1 200×130×30 
11 Wiring Loom 3.5 1 - 
12 Fuse & Relay Box (Elite 2500, 2016) 0.8 2 150×200×40 
The image below identifies component placement regions throughout the dashboard 
structure, with the exception of the wiring loom as it essentially connects all the 
components. These approximate weights are factored into the total dashboard weight, 
acknowledged to be 50 kg. 
Figure 66: Component Positioning (Front View) 
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8.1.2 Dashboard Framework 
A frame structure is usually implemented to account for the weighted parts and accessories 
on the underside of a dashboard. This framework is attached to the chassis, and then the 
dashboard geometry to the framework, ensuring that the structure is rigid and the 
components are supported safely, as demonstrated in Figure 67.  
Figure 67: Aston Martin One-77 Dashboard Assembly Frame (Wasef, 2011) 
The client requested that the outer skin design be modelled, and the structural side to 
remain undecided until after the design is completed. However, the entire structure should 
be considered to identify any stress concentrations or areas of flex, and so a basic structure 
has been instigated. Areas requiring additional support and strength will be highlighted, and 
recommended enhancement provided to the client/constructor.  
Figure 68: Proposed Dashboard Support Frame 
Figure 68 depicts the frame location and supporting bars, which have been positioned in 
free space regions (evading intersecting the air conditioning and cluster components). The 
support tubing is assumed to be 1mm thick 30mm stainless steel, with vertices and chassis 
joins welded. A schematic of the proposed frame structure is depicted on the next page. 
Scale : 1:8
8.3.1    Dashboard Frame Structure
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8.1.4 Safety Aspects 
The client has stated that driver and passenger airbags, a collapsible steering column and 
additional padding is not necessary for the design, as the complexity of these additions 
interferes with the visual appeal of the product (with the exception of seat harnesses). 
Aftermarket safety installations also tend to be a dangerous feature in vehicles not fitted 
with them as a factory standard (Airbag System Installation, 2013). 
8.2 FINITE ELEMENT METHOD ANALYSIS 
8.2.1 Dashboard to Chassis Attachment 
The design needs to have multiple points of attachment to the chassis, via the installed 
rigidity bars and proposed frame. This can be done in many ways, from tube couples and 
clamps to simple welds (refer to Appendix F – Item 1), and is dependent on the client’s 
decision. Fittings may be preferred, due to the ease of removability in comparison to welds. 
The dashboard will be configured to have the majority of load supported by the existing 
chassis tubing (expressed by the red dashed line in Figure 69), with further support provided 
by the proposed frame (conveyed by the yellow dashed line in Figure 69). 
Figure 69: Dashboard Frame & Chassis Attachment (Front View) 
The end result may differ depending on the client’s preferences during construction of the 
interior. As investigated in Section 4.6, the material will mainly comprise of sheet metal 
(steel or aluminium) or a fibre composite, and hence these must be analysed. 
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8.2.2 Dashboard Force Considerations 
Assuming a generic density of 1000 kg/m3, the mass, volume, surface area and centre of 
gravity was determined using Autodesk InventorTM (refer to Appendix F – Item 2), and are 
depicted in Table 6. Further images of the centre of gravity can be seen in Appendix F – Item 
2. 
Table 6: Dashboard Physical Properties 
Density Mass Volume Surface Area Centre of Gravity 
1000 kg/m3 52.72 kg 0.0527 m3 3.562 m2 
X - 812.66 mm
Y + 35.40 mm
Z - 609.41 mm
The volume and mass are only rough estimates when compared to the final product, as the 
dashboard comprises of many layers of differing material. However the mass is an accurate 
approximation, as derived from experience and research of interior weights (Saving Weight, 
2015). Assuming a generic density of 1000 kg/m3 allows for simple scaling of properties. The 
acceleration due to gravity is assumed to be 9.81 m/s2, and the resulting force (weight) is 
then 517.18 N. This is transferred through every chassis and frame attachment point and is 
a static force. The dashboard is subject to fixed constraints using ANYSYS WorkbenchTM; a 
thermal constraint of 40°C (as this is the expected operating temperature)  and 
accelerations, as pictured in Figure 70. 
Figure 70: Dashboard Version 1 Constraints/Conditions 
The static results (Figure 71 to Figure 76) highlight areas of concern regarding stress, strain and 
deformation intensity from both a front and back view. Aluminium Alloy properties were 
applied to the model; however, this is not a major factor in the analysis. Polyethylene properties 
were also applied to the model to check that the material choice does not influence the result 
dramatically (refer to Appendix F – Item 3 to 10. It should also be noted that the density of both 
material properties was changed to 1000 kg/m3 to maintain constant mass. 
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Figure 71: Aluminium Alloy Dashboard Version 1 Stress - Front (Still) 
Figure 72: Aluminium Alloy Dashboard Version 1 Strain - Front (Still) 
Figure 73: Aluminium Alloy Dashboard Version 1 Deformation - Front (Still) 
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Figure 74: Aluminium Alloy Dashboard Version 1 Stress - Back (Still) 
Figure 75: Aluminium Alloy Dashboard Version 1 Strain - Back (Still) 
Figure 76: Aluminium Alloy Dashboard Version 1 Deformation - Back (Still) 
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The primary area requiring rigidity strengthening is viewed to be the top of the centre arch, 
however this region does not experience considerable stress or strain. They are easily 
reinforced by adding the proposed frame structure, however the various accelerations 
experienced by the independent dashboard need to be analysed first. 
The car will be used as a pro tourer, which subjects the interior to significant g-force in the 
left, right, forward and backward directions. The estimated values of these forces for the 
1969 Camaro are shown below in Table 7 (How many G's does a car pull under acceleration, 
2010). 
Table 7: Camaro G-Force Estimates 
Direction Assumption G-Force Equivalent Acceleration 
Left (Right Turn) Moderate sport handling 0.70g 6.87 
Right (Left Turn) Moderate sport handling 0.70g 6.87 
Forward (Braking) Sports car braking 1.30g 12.75 
Backward (Accelerating) 0-100km/hr in 2.862s 1.00g 9.81 
The stress, strain and deformation contour diagrams (refer to Appendix F – Items 3 to 10) 
for both Aluminium Alloy and Polyethylene dashboards, for each lateral acceleration case 
(turning right, turning left, braking and accelerating). The most severe stress, strain and 
deformation is observed when the vehicle braking and accelerating, as shown in Figure 
77Figure 78Figure 79, as well as in Table 8. 
Figure 77: Aluminium Alloy Dashboard Stress - Back (Braking) 
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Figure 78: Aluminium Alloy Dashboard Strain - Front (Braking) 
Figure 79: Aluminium Alloy Dashboard Deformation - Front (Accelerating) 
The maximum stresses appear to be acting on the dashboard mounting positions, and are 
not severe, reaching a peak of 272.67 MPa (for Aluminium Alloy Properties, as highlighted 
in red in Table 8). The peak stress is applied to such a small area that it is considered to be 
minimal. The strain and deformation is also minimal reaching maximums of 4.0 mm and 0.6 
mm. Ultimately, there will be larger deformations present in the final product, however this
analysis aims to highlight areas requiring strengthening. 
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Table 8: Dashboard Maximum & Minimum Stress, Strain and & Deformations 
Load Case Material Properties Used Stress (Pa) Strain (m/m) Deformation (m) 
Static 
Aluminium Alloy 
MAX 2.726e8 0.0042404 0.00065072 
MIN 43466 1.5455e-6 0 
Polyethylene 
MAX 3.9232e7 0.039608 0.0065574 
MIN 7963.2 8.973e-6 0 
Right Turn 
Aluminium Alloy 
MAX 2.7263e8 0.004208 0.00065072 
MIN 43401 1.5475e-6 0 
Polyethylene 
MAX 3.9257e7 0.039632 0.0065572 
MIN 7879 8.977e-6 0 
Left Turn 
Aluminium Alloy 
MAX 2.7258e8 0.00424 0.00065072 
MIN 43531 1.5437e-6 0 
Polyethylene 
MAX 3.9208e7 0.039584 0.0065575 
MIN 8053.7 8.9633e-6 0 
Braking 
Aluminium Alloy 
MAX 2.7267e8 0.0042414 0.00065067 
MIN 43253 1.5458e-6 0 
Polyethylene 
MAX 3.9288e7 0.039663 0.0065542 
MIN 7393.2 8.9886e-6 0 
Accelerating 
Aluminium Alloy 
MAX 2.7256e8 0.0042397 0.00065076 
MIN 43635 1.5453e-6 0 
Polyethylene 
MAX 3.919e7 0.039566 0.0065598 
MIN 8413.2 9.003e-6 0 
The severity of the minimum stress and strain must also be noted (as seen highlighted in 
blue in Table 8), as the majority of the dashboard experiences this stress. The dashboard is 
subject to the largest minimal stress and strain when accelerating and turning right. 
8.2.3 Dashboard Fatigue Considerations 
The dashboard will be subject to various vibrations, caused by the 10.4L twin turbo V8 
engine and road surface, however the interior is not expected to fatigue significantly. The 
main areas of concern are associated with the chassis to dashboard attachments, as the 
components will be prone to fatigue due to stiff materials and an inability to dissipate 
energy. If vibrational behaviour/damage does result in the final product, then a floating 
mount system can be incorporated into the design.  
8.3 FINAL DESIGN STRUCTURAL ANALYSIS 
8.3.1 Frame Implementation 
The attachment loads need to be distributed more uniformly, and the entire component 
needs to be made more rigid. This is done by adding an extra membrane below the centre 
gauges and implementing the proposed frame. Fixed constraints were applied to the frame 
attachment surfaces, the environment temperature set to 40°C and the accelerations 
applied to the model (turning left, braking and turning right as depicted in Figure 80. 
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Figure 80: Dashboard & Frame Fixed Constraints 
8.3.2 Final Analysis 
The analysis results, for the most severely influencing accelerations, are depicted below in 
Figure 81, Figure 82 andFigure 83. It should be noted that the deformation visualised is 
exaggerated for the purpose of identifying areas of interest. 
Figure 81: Aluminium Alloy Dashboard with Frame Stress - Back (Accelerating) 
Figure 82: Aluminium Alloy Dashboard with Frame Strain - Back (Accelerating) 
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Figure 83: Aluminium Alloy Dashboard with Frame Deformation - Back (Accelerating) 
The integration of the frame proves to increase the overall rigidity of the dashboard effectively, 
although the stress increases. This is preferred as it reduces the stress spread, and focuses the 
stress on stronger components. The frame structure will provide support for interior 
instrument and module components, where attachment to the dashboard skin is not possible. 
The final frame structure outcome will vary considerably depending on the clients desired 
weight, shape and resources. As stated in Section 4.6, foam and clay will be applied to the 
exterior surface to allow for shape manipulation and line continuation when finalising the 
interior. 
Table 9: Dashboard with Frame Maximum & Minimum Stress, Strain and & Deformations 
Load Case Material Properties Used Stress (Pa) Strain (m/m) Deformation (m) 
Static 
Aluminium Alloy 
MAX 3.7637e8 0.0055433 0.00050554 
MIN 9995.4 2.0988e-7 0 
Polyethylene 
MAX 5.8854e-7 0.057849 0.0051408 
MIN 2872.4 3.297e-6 0 
Right Turn 
Aluminium Alloy 
MAX 3.764e8 0.0055437 0.00050554 
MIN 9946.5 2.0661e-7 0 
Polyethylene 
MAX 5.8882e7 0.057874 0.0051411 
MIN 2667.5 3.2926e-6 0 
Left Turn 
Aluminium Alloy 
MAX 3.7634e8 0.0055428 0.00050553 
MIN 10003 2.1332e-7 0 
Polyethylene 
MAX 5.8826e7 0.057824 0.0051405 
MIN 3037 3.2837e-6 0 
Braking 
Aluminium Alloy 
MAX 3.7628e8 0.0055419 0.00050553 
MIN 9953.6 2.1053e-7 0 
Polyethylene 
MAX 5.8771e7 0.057768 0.0051399 
MIN 2859 3.216e-6 0 
Accelerating 
Aluminium Alloy 
MAX 3.7644e8 0.0055444 0.00050555 
MIN 10039 2.096e-7 0 
Polyethylene 
MAX 5.8918e7 0.057912 0.0051414 
MIN 2847 3.3641e-6 0 
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9.0 PROTOTYPING 
The dashboard was 3D-printed to give a real perspective of scale and geometry, as it is a cheap 
and efficient prototyping method. 1.75mm polylactic acid (PLA) filament was used as the 
printing material in a MakerBot Replicator PlusTM, with the print taking approximately 4 hours 
to complete. 
9.1 3D PRINTING PREPARATION 
The resolution of the printer needs to be considered, as printed solids with small CAD 
thicknesses can be weak; it is recommended that the stereolithography file (STL) be cross 
sectioned and examined before printing. The printer utilised had a resolution of 0.4 mm 
(Makerbot, 2016), and hence the minimum thickness must be greater than 1.2mm to ensure 
a quality print. 
9.2 PRINT REFINEMENT 
9.2.1 Trimming/Finishing 
The MakerBotTM software adjoins a framework structure to the underside and base of the 
print to provide a printing platform for elevated solids, as shown in Figure 84 and Figure 85. 
This is printed with a low heat element to reduce adhesion for easy removal with pliers. 
Figure 84: Pre-Finished 1:7 Print Scale (Front) 
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Figure 85: Pre-Finished 1:7 Print (Back) 
9.2.2 Completed Prototype 
The trimmed prototype is depicted below in Figure 86 and Figure 87, and shows the final 
design at a 1:7 scale. The model provides a means of identifying thin sections, obscure 
geometry and can be used as a gauge positioning tool; to identify appropriate orientations 
and angles.  The finished back of the print and detailed dash can be seen in Appendix G – 
Item 1. 
Figure 86: Finished 1:7 Print (LHS) Figure 87: Finished 1:7 Print (RHS) 
The surface finish could be improved by using a fine grit sandpaper and epoxy resin coating, 
however, for the initial and small scale print this was not completed. 
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10.0 PRODUCTION PROPOSAL 
Despite the production stage being excluded from the scope of this thesis, it is still necessary 
to provide an insight into the potential, and likely, methods and techniques. 
10.1 PRODUCTION METHODS 
There are three realistic innovative construction methods for building the final interior. 
10.1.1 Option 1: Incremental Sheet Forming 
As outlined in Section 4.6, incremental sheet forming produces smooth geometry, however, 
is limited to three axis movements (no rotation). Hence, the dashboard model would need 
to be pressed in individual surfaces or sections and adjoined during installation, as shown 
in blue in Figure 88Figure 89 Figure 90. 
Figure 88: Main Right Side Surface  
Figure 89: Main Left Side Surface Figure 90: Main Right Side Surface 
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10.1.2 Option 2: Composite Fabrication 
The second production option involves shaping a mould and then layering and setting 
composite sheets; with a material chosen by the client. The method will allow the 
dashboard to remain in a single piece, however the setting procedure for such a large object 
may result in cracking or an inaccurate fitting component. A female mould would be 
preferable for this process as a smooth surface finish is desired. Although a compression 
mould (see Figure 91) may be favoured if the client requires a quality finish on both sides 
(Mould Construction, 2016). 
Figure 91: Compression Mould (Definition of SMC, 2007) Figure 92: Sheet Forming Mould (CNC Shaping, 2016) 
10.1.3 Option 3: Incremental Sheet Formed Mould for Composite Material 
An alternative approach to the first two options involves creating a mould using incremental 
sheet forming and creating the interior from a composite material. The sheet formed mould 
would comprise of multiple segments pressed onto a CNC’d MDF geometry (as seen in 
Figure 92) which would need to be adjoined (welded). This combined process would result 
in the smoothest surface finish, as well as produce two dashboards in the process. 
10.2 INSTALLATION & SURFACE FINISH 
The installation will be conducted under the supervision of the client, who will mount the final 
product, as well as dictate the desired surface finish or finish material (suede has been 
theorised). If leather or suede is chosen, a large amount of further foam shaping is necessary 
to guarantee the correct shape and texture of the end result. 
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11.0 DESIGN EVALUATION 
The 1969 ChevroletTM Camaro dashboard design process has been successful in achieving 
heightened levels of knowledge surrounding effective automotive interior production. 
11.1 CONCLUSION 
The final dashboard design can be seen overlaid on an image of the Camaro in Figure 93. 
Figure 93: Dashboard Design Overlay 
Reflecting on project objectives, the interior of the Camaro show car was designed using 
modern methods, and the quality and timeframe of the final result indicates the increase in 
precision and efficiency over outdated restoration methods. The car’s bare interior frame was 
scanned using a 3-dimensional scanner to create an accurate model of the bare interior, and 
was used throughout the design course to computational create a dashboard component. 
This stage set the foundation for the ideology of the project (ground-breaking techniques for 
automotive interior design) and is certainly a suitable method. Extensive research and 
sketching were substantiated, whilst the CAD software approach enabled extensive 
redesigning capabilities. The 3D printed prototype provides an insight into the physical 
geometry, assessable by the client; who has established approval for the final design. 
11.2 LESSONS LEARNT & RECOMMENDATIONS 
The project has proven to exemplify the proficiency of modern design tools and techniques, 
however, there is always room for improvement in all areas. A huge limitation throughout the 
project has been the computational effort required to model, manipulate and edit the 
geometric files. 
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It is highly recommended that a high performance computer be utilised to improve the 
easiness and progressiveness of the design. There are numerous teaching tools available 
online for the software employed, and thus, this area was not exceptionally challenging. This 
thesis has shaped and enriched the measurement, design and analytical skills for all those 
who participated. The CAD component to this project has been the most beneficial, from a 
learning outcome perspective, as the exemplified by the prior design iterations. 
11.3 FINAL REMARK 
The project in its entirety has advanced engineering practice techniques for everyone 
involved (Figure 94), with a strong awareness formed for the technological advancements 
now applicable to vehicle restoration, modification and improvement. 
Figure 94: Design Project Scanning Team 
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13.0 APPENDICES 
13.1 APPENDIX A - INTRODUCTION 
13.1.1 Item 1 – Project Brief/Description 
The project consists in designing automotive interior panels to fit a ChevroletTM Camaro 
model. The first stage of the project will involve acquisition of the vehicles interior geometry 
using a 3D scanning digital camera, and converting the geometry to a CAD file. Based on this 
CAD geometry the interior panels of the car will need to be designed according to the owners’ 
requirements. The student will require an excellent knowledge on the use of CAD software 
and some experience in automotive industry will be valued. Careful considerations of the 
panels design, attachment to the chassis, and stress analysis will be required for this work. 
The project will be conducted within the UQ Composites Group, and in collaboration with 
the Exclusive Auto Centre in Brisbane. This will provide the student with a good support in 
composite design and exposure to automotive engineering (Mee, 2016). 
13.1.2 Item 2 – Initial Favoured Design Standards 
Figure 95: Lamborghini Centenario Interior (Centenario LP 
770-4, 2016) 
Figure 96: Pagani Huayra Interior (2015 Pagani Huayra, 
2015) 
Figure 97: BugattiTM Gran Turismo Vision Interior (Bugatti Concept, 2015) 
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13.2 APPENDIX B – PROJECT PLAN 
13.2.1 Item 1 – Work Breakdown Structure (WBS) [Dates Subject to Change] 
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13.3 APPENDIX C – RISK MANAGEMENT 
13.3.1 Item 1 – Gantt Chart (Corresponds to Appendix C – Item 1: Subject to Change) 
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13.4 APPENDIX D – LITERATURE REVIEW 
13.4.1 Item 1 – europac 3DimensionalTM Scans 
Figure 98: europac 3DimensionalTM Honda Interior Scan (Automotive & Aerospace, 2016) 
Figure 99: europac 3DimensionalTM Honda Seat & Steering Wheel Scans (Automotive & Aerospace, 2016) 
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13.5 APPENDIX E – 3-DIMENSIONAL SCANNING
13.5.1 Item 1 – Faro Arm 3D Scanner 
Figure 100: Faro Arm 3D Scanner Upper Assembly & Tripod (Cabanis, 2016) 
13.5.2 Item 2 – Scanned Shell Views 
Figure 101: Scanned Shell Right View 
Figure 102: Scanned Shell Left View 
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Figure 103: Scanned Shell Front View 
Figure 104: Scanned Shell Rear View 
Figure 105: Scanned Shell Top View 
Figure 106: Scanned Shell Bottom View 
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13.6 APPENDIX F – STRUCTURAL ANALYSIS
13.6.1 Item 1 – Roll Cage Connections 
Figure 107: Roll Cage Fittings (Poison Spyder JK 07-10 2-Door Trail Cage Kit, 2016) 
Figure 108: Professional Roll Cage Welds (Roll Cage, 2010) 
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13.6.2 Item 2 – Dashboard Centre of Gravity 
Figure 109: Autodesk InventorTM Sourced Dashboard Physical Properties 
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Figure 110: Centre of Gravity (Side View) 
Figure 111: Centre of Gravity (Top View) 
Figure 112: Centre of Gravity (Front View) 
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13.6.3 Item 3 –Dashboard Contour Plots (Aluminium – Static) 
Figure 113: Aluminium Alloy Dashboard Stress - Front (Still) 
Figure 114: Aluminium Alloy Dashboard Strain - Front (Still) 
Figure 115: Aluminium Alloy Dashboard Deformation - Front (Still) 
MECH4500 Engineering Design Thesis 77 
The University of Queensland 
Figure 116: Aluminium Alloy Dashboard Stress - Back (Still) 
Figure 117: Aluminium Alloy Dashboard Strain - Back (Still) 
Figure 118: Aluminium Alloy Dashboard Deformation - Back (Still) 
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13.6.4 Item 4 – Dashboard Contour Plots (Polyethylene – Static) 
Figure 119: Polyethylene Dashboard Stress - Front (Still) 
Figure 120: Polyethylene Dashboard Strain - Front (Still) 
Figure 121: Polyethylene Dashboard Deformation - Front (Still) 
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Figure 122: Polyethylene Dashboard Stress - Back (Still) 
Figure 123: Polyethylene Dashboard Strain - Back (Still) 
Figure 124: Polyethylene Dashboard Deformation - Back (Still) 
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13.6.5 Item 5 – Dashboard Contour Plots (Aluminium – Accelerations) 
Figure 125: Aluminium Alloy Dashboard Stress - Front (Right Turn) 
Figure 126: Aluminium Alloy Dashboard Strain - Front (Right Turn) 
Figure 127: Aluminium Alloy Dashboard Deformation - Front (Right Turn) 
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Figure 128: Aluminium Alloy Dashboard Stress - Back (Right Turn) 
Figure 129: Aluminium Alloy Dashboard Strain - Back (Right Turn) 
Figure 130: Aluminium Alloy Dashboard Deformation - Back (Right Turn) 
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Figure 131: Aluminium Alloy Dashboard Stress - Front (Left Turn) 
Figure 132: Aluminium Alloy Dashboard Strain - Front (Left Turn) 
Figure 133: Aluminium Alloy Dashboard Deformation - Front (Left Turn) 
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Figure 134: Aluminium Alloy Dashboard Version 1 Stress - Back (Left Turn) 
Figure 135: Aluminium Alloy Dashboard Strain - Back (Left Turn) 
Figure 136: Aluminium Alloy Dashboard Deformation - Back (Left Turn) 
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Figure 137: Aluminium Alloy Dashboard Stress - Front (Braking) 
Figure 138: Aluminium Alloy Dashboard Strain - Front (Braking) 
Figure 139: Aluminium Alloy Dashboard Deformation - Front (Braking) 
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Figure 140: Aluminium Alloy Dashboard Stress - Back (Braking) 
Figure 141: Aluminium Alloy Dashboard Strain - Back (Braking) 
Figure 142: Aluminium Alloy Dashboard Deformation - Back (Braking) 
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Figure 143: Aluminium Alloy Dashboard Stress - Front (Accelerating) 
Figure 144: Aluminium Alloy Dashboard Strain - Front (Accelerating) 
Figure 145: Aluminium Alloy Dashboard Deformation - Front (Accelerating) 
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Figure 146: Aluminium Alloy Dashboard Stress - Back (Accelerating) 
Figure 147: Aluminium Alloy Dashboard Strain - Back (Accelerating) 
Figure 148: Aluminium Alloy Dashboard Deformation - Back (Accelerating) 
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13.6.6 Item 6 – Dashboard Contour Plots (Polyethylene – Accelerations) 
Figure 149: Polyethylene Dashboard Stress - Front (Right Turn) 
Figure 150: Polyethylene Dashboard Strain - Front (Right Turn) 
Figure 151: Polyethylene Dashboard Deformation - Front (Right Turn) 
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Figure 152: Polyethylene Dashboard Stress - Back (Right Turn) 
Figure 153: Polyethylene Dashboard Strain - Back (Right Turn) 
Figure 154: Polyethylene Dashboard Deformation - Back (Right Turn) 
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Figure 155: Polyethylene Dashboard Stress - Front (Left Turn) 
Figure 156: Polyethylene Dashboard Strain - Front (Left Turn) 
Figure 157: Polyethylene Dashboard Deformation - Front (Left Turn) 
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Figure 158: Polyethylene Dashboard Stress - Back (Left Turn) 
Figure 159: Polyethylene Dashboard Strain - Back (Left Turn) 
Figure 160: Polyethylene Dashboard Deformation - Back (Left Turn) 
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Figure 161: Polyethylene Dashboard Stress - Front (Braking) 
Figure 162: Polyethylene Dashboard Strain - Front (Braking) 
Figure 163: Polyethylene Dashboard Deformation - Front (Braking) 
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Figure 164: Polyethylene Dashboard Stress - Back (Braking) 
Figure 165: Polyethylene Dashboard Strain - Back (Braking) 
Figure 166: Polyethylene Dashboard Deformation - Back (Braking) 
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Figure 167: Polyethylene Dashboard Stress - Front (Accelerating) 
Figure 168: Polyethylene Dashboard Strain - Front (Accelerating) 
Figure 169: Polyethylene Dashboard Deformation - Front (Accelerating) 
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Figure 170: Polyethylene Dashboard Stress - Back (Accelerating) 
Figure 171: Polyethylene Dashboard Strain - Back (Accelerating) 
Figure 172: Polyethylene Dashboard Deformation - Back (Accelerating 
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13.6.7 Item 7 – Dashboard & Frame Contour Plots (Aluminium – Static) 
Figure 173: Aluminium Alloy Dashboard with Frame Stress - Front (Still) 
Figure 174: Aluminium Alloy Dashboard with Frame Strain - Front (Still) 
Figure 175: Aluminium Alloy Dashboard with Frame Deformation - Front (Still) 
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Figure 176: Aluminium Alloy Dashboard with Frame Stress - Back (Still) 
Figure 177: Aluminium Alloy Dashboard with Frame Strain - Back (Still) 
Figure 178: Aluminium Alloy Dashboard with Frame Deformation - Back (Still) 
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13.6.8 Item 8 – Dashboard & Frame Contour Plots (Polyethylene – Static) 
Figure 179: Polyethylene Dashboard with Frame Stress - Front (Still) 
Figure 180: Polyethylene Dashboard with Frame Strain - Front (Still) 
Figure 181: Polyethylene Dashboard with Frame Deformation - Front (Still) 
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Figure 182: Polyethylene Dashboard with Frame Stress - Back (Still) 
Figure 183: Polyethylene Dashboard with Frame Strain - Back (Still) 
Figure 184: Polyethylene Dashboard with Frame Deformation - Back (Still) 
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13.6.9  Item 9 – Dashboard & Frame Contour Plots (Aluminium – Accelerations) 
Figure 185: Aluminium Alloy Dashboard with Frame Stress - Front (Right Turn) 
Figure 186: Aluminium Alloy Dashboard with Frame Strain - Front (Right Turn) 
Figure 187: Aluminium Alloy Dashboard with Frame Deformation - Front (Right Turn) 
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Figure 188: Aluminium Alloy Dashboard with Frame Stress - Back (Right Turn) 
Figure 189: Aluminium Alloy Dashboard with Frame Strain - Back (Right Turn) 
Figure 190: Aluminium Alloy Dashboard with Frame Deformation - Back (Right Turn) 
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Figure 191: Aluminium Alloy Dashboard with Frame Stress - Front (Left Turn) 
Figure 192: Aluminium Alloy Dashboard with Frame Strain - Front (Left Turn) 
Figure 193: Aluminium Alloy Dashboard with Frame Deformation - Front (Left Turn) 
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Figure 194: Aluminium Alloy Dashboard with Frame Version 1 Stress - Back (Left Turn) 
Figure 195: Aluminium Alloy Dashboard with Frame Strain - Back (Left Turn) 
Figure 196: Aluminium Alloy Dashboard with Frame Deformation - Back (Left Turn) 
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Figure 197: Aluminium Alloy Dashboard with Frame Stress - Front (Braking) 
Figure 198: Aluminium Alloy Dashboard with Frame Strain - Front (Braking) 
Figure 199: Aluminium Alloy Dashboard with Frame Deformation - Front (Braking) 
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Figure 200: Aluminium Alloy Dashboard with Frame Stress - Back (Braking) 
Figure 201: Aluminium Alloy Dashboard with Frame Strain - Back (Braking) 
Figure 202: Aluminium Alloy Dashboard with Frame Deformation - Back (Braking) 
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Figure 203: Aluminium Alloy Dashboard with Frame Stress - Front (Accelerating) 
Figure 204: Aluminium Alloy Dashboard with Frame Strain - Front (Accelerating) 
Figure 205: Aluminium Alloy Dashboard with Frame Deformation - Front (Accelerating) 
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Figure 206: Aluminium Alloy Dashboard with Frame Stress - Back (Accelerating) 
Figure 207: Aluminium Alloy Dashboard with Frame Strain - Back (Accelerating) 
Figure 208: Aluminium Alloy Dashboard with Frame Deformation - Back (Accelerating) 
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13.6.10 Item 10 – Dashboard & Frame Contour Plots (Polyethylene – Accelerations) 
Figure 209: Polyethylene Dashboard with Frame Stress - Front (Right Turn) 
Figure 210: Polyethylene Dashboard with Frame Strain - Front (Right Turn) 
Figure 211: Polyethylene Dashboard with Frame Deformation - Front (Right Turn) 
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Figure 212: Polyethylene Dashboard with Frame Stress - Back (Right Turn) 
Figure 213: Polyethylene Dashboard with Frame Strain - Back (Right Turn) 
Figure 214: Polyethylene Dashboard with Frame Deformation - Back (Right Turn) 
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Figure 215: Polyethylene Dashboard with Frame Stress - Front (Left Turn) 
Figure 216: Polyethylene Dashboard with Frame Strain - Front (Left Turn) 
Figure 217: Polyethylene Dashboard with Frame Deformation - Front (Left Turn) 
MECH4500 Engineering Design Thesis 111 
The University of Queensland 
Figure 218: Polyethylene Dashboard with Frame Stress - Back (Left Turn) 
Figure 219: Polyethylene Dashboard with Frame Strain - Back (Left Turn) 
Figure 220: Polyethylene Dashboard with Frame Deformation - Back (Left Turn) 
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Figure 221: Polyethylene Dashboard with Frame Stress - Front (Braking) 
Figure 222: Polyethylene Dashboard with Frame Strain - Front (Braking) 
Figure 223: Polyethylene Dashboard with Frame Deformation - Front (Braking) 
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Figure 224: Polyethylene Dashboard with Frame Stress - Back (Braking) 
Figure 225: Polyethylene Dashboard with Frame Strain - Back (Braking) 
Figure 226: Polyethylene Dashboard with Frame Deformation - Back (Braking) 
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Figure 227: Polyethylene Dashboard with Frame Stress - Front (Accelerating) 
Figure 228: Polyethylene Dashboard with Frame Strain - Front (Accelerating) 
Figure 229: Polyethylene Dashboard with Frame Deformation - Front (Accelerating) 
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Figure 230: Polyethylene Dashboard with Frame Stress - Back (Accelerating) 
Figure 231: Polyethylene Dashboard with Frame Strain - Back (Accelerating) 
Figure 232: Polyethylene Dashboard with Frame Deformation - Back (Accelerating) 
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13.7 APPENDIX G – PROTOTYPING 
13.7.1 Item 1 – 3D Print 
Figure 233: Dashboard 3D Print Finished Back View 
Figure 234: Dashboard 3D Print Detailed Dash View 
